ANATOMY. TEETH treated by Hess's method show in a very great number of cases that the pulp is irregularly shaped. Small offshoots frequently pass into the dentine, and there are minute prolongations through the apical tissue, apart altogether from the main apical foramen. Cementum is very similar in its structure to bone. It contains lacunase and canaliculi, each lacuna containing a nucleated cell, the processes from these cells passing along the canaliculi. These processes communicate one with another, and also with fine terminations of the dentinal tubes. By this means a chain of communication of protoplasm exists between the periodontal membrane and the pulp. It is a living tissue, allowing of the interchange of body fluids with the periodontal membrane.
PATHOLOGY OF PERIAPICAL TISSUE DESTRUCTION.
The changes that may occur beyond and round the apex may be summarized as follows: The periodontal membrane thickens. A large number of lymphocytes and a few polymorphonuclear leucocytes hurry to the spot, resulting in chronic proliferative periodontitis. The round-celled proliferation also brings about a chronic rarefying osteitis. The space in the bone thus formed is filled with a mass of chronic inflammatory granulation tissue known as a granuloma. This granuloma will be found to consist of round cells and polymorphonuclear leucocytes, fibroblasts and fibrous tissue, capillaries and occasionally some epithelial cells. The streptococcus can always be demonstrated by direct "smear" or on cultivating. If, as frequently happens, a staphylococcus is added, the granuloma will suppurate and consist partly of granulation tissue and partly of pus, or the granulation tissue may break down completely and be replaced by pus, thus becoming a chronic abscess. The pus so formed may fill the cavity or discharge through a sinus.
It is perhaps not generally recognized that a granuloma is more common than an abscess. Chronic apical abscess is, therefore, a loose and unsatisfactory term to use in this connexion. As the bone becomes rarefied and absorbed the periodontal membrane is detached and destroyed, thus depriving the apical cementum of blood-supply. As far as the tooth itself is concerned there is virulent infection of (1) the dentine surrounding the septic pulp-canal; (2) of the pulp-canal with its possible ramifications at the apex, and, lastly, (3) of the lacunae and canaliculi of the cementum. The apical tissue is transformed into a septic sponge, becoming rarefied and absorbed. The cementoblasts still living lay down new cementum, thus leading to irregular thickenings of the root. Occasionally this new tissue fills the bony cavity previously occupied by the granuloma.
It occasionally happens that small masses of squamous epithelial cells are incorporated in the granuloma. The chronic inflammation present stimulates them to growth, resulting in cyst formation.
A review of the pathology leads us to the following conclusions:
(1) The apex of a pulpless tooth is a place of lowered resistance.
(2) The danger of infection is greatly increased if the apical tissues have been killed and the periodontal membrane stripped by acids, alkalies, caustics, &c.
(3) If infection passes through the apex, the following conditions may arise:
(a) chronic proliferative periodontitis, (b) granuloma, (c) chronic abscess, (d) dental cyst.
(4) The contents of these pathological processes are directly connected with the blood-stream and lymphatics, and may then lead to serious lesions in remote parts of the body. To cite three instances of this I know a medical student who found that his eye-sight was failing. He consulted the ophthalmic surgeon of his hospital, who found nothing abnormal in the eyes. The patient was sent on to me for an investigation of the mouth. The dentition was fairly sound. I found two teeth with extensive fillings in them, and one tooth had been crowned. X-ray examination revealed large well-defined areas of rarefaction round the apices of these three teeth. I removed them and curetted the sockets. The patient's eye condition rapidly improved and is now normal. The second case concerns a hospital patient who was diagnosed as suffering from brachial neuritis. I X-rayed some septic roots in the maxilla on the right side, and found large pathological areas at their apices. These roots were removed, and the patient's neuritis subsided. The third case of interest concerns a patient whose dental condition was far from satisfactory. X-ray examination revealed five dead teeth with well-defined apical infection. As the teeth had given no pain or discomfort the patient was very averse to having them removed. Some years later that patient developed ulcerative endocarditis and eventually died. In view of the fact that streptococci are always present in these periapical infections it is possible that the condition of the teeth brought about the cardiac condition.
TREATMENT.
The treatment of the permanent teeth can be conveniently considered under three headings:-
(1) Devitalization of a living pulp.
(2) Cleaning and filling of sterile canals.
(3) Treatment of septic teeth.
(1) Devitalization of a Living Putlp.-This operation is of common occurrence in daily practice; how often do we find these teeth with apical infection later on. If in doubt, to remove the pulp is a good safe rule. We know that the pulp has very little power of self-repair. It is far better to remove the pulp and fill the canal under aseptic conditions than for the pulp to die subsequently and then painlessly infect and destroy the tissues round the apex. Occasionally it is justifiable to place zinc oxide, oil of cloves, and a little beta-naphthol at the bottom of a deep cavity or on an exposure, with a cap, and place a temporary cement over it leaving the tooth on trial for a few months.
The question as to whether the infection was introduced during treatment is of the utmost importance. We are very apt to forget that everything coming in contact with a tooth under treatment is a certain source of infection unless it is sterilized. Infection can only develop subsequently in two ways. The filling may leak sufficiently to allow sepsis to reach the periapical space, or it may be brought to the apex by the blood-stream. If organisms can travel one way, from a septic apex to a heart-valve, they can travel the other, fromn a near neighbour such as a septic tooth, or from a distant part such as a chronic appendix. The removal of the pulp may be performed under anaesthesia or the pulp may be killed with arsenic. It is extremely difficult to maintain sterility under a general ancesthetic such as nitrous oxide. Any of the local methods are sound. Cocaine pressure under rubber has one great objection-namely, the superficial sepsis may be forced through the apex. It is quite possible that this is one of the great causes of ultimate failure. This danger can be avoided by ancesthetizing the infected upper layer only and removing it in the presence of a concentrated disinfectant such as tricresol, before anaesthetizing the remainder. If arsenic is used its action must be limited. It has been suggested that in deep interstitial cavities it is wiser to cap the exposure with some anodyne and temporary cement, and place the drug, in the proportion of 10 per cent. arsenic in a paste of zinc phosphate, in a special pit cut in the crown of the tooth. It is, of course, extremely dangerous to apply cocaine pressure after using arsenic.
(2) Cleaning and Filling of Sterile Canals.-In cleaning and filling the canals our watchword must be sterility. How are we to approach this ideal? I suggest the following. We cannot be aseptic, but we can do the next best thing and work in an antiseptic atmosphere. Our choice of an antiseptic is limited. We require one with great bactericidal power, rapid action, small power of penetrating living tissue, and free from irritating properties. Tricresol is the nearest approach to the ideal.
The tooth is isolated with rubber; if the cavity is below the gum level it may be wiser to fill it with temporary cement and gain access to the pulp by way of the crown. All instruments should be lying in tricresol; if fouled they should be wiped and replaced in it. A pool of tricresol should be kept in the cavity so that if possible no air may enter. Bristles and broaches and all canal instruments should preferably be kept in formalin vapour, and taken from this direct to the tooth. All pulp-tissue should be removed. Secondary dentine or pulp-stones may be dissolved out by means of sulphuric acid or hydrochloric acid. The tricresol is removed with alcohol, then the acid replaces the alcohol.
Various methods have been devised for filling the canals: pastes such as zinc oxide, zinc sulphate and 10 per cent. tricresol; zinc oxide, zinc sulphate and carbolized resin; zinc oxide, zinc sulphate and 10 per cent. paraform; chloro-percha paste. All of them are antiseptic and harmless. If gutta-percha points are used they should always be kept in formalin vapour and taken straight from this to the canal. Whatever method is adopted care should be taken to see that the filling completely fills the canal, or canals, as the case may be. In this connexion, X-ray photographs may be very helpful.
(3) Treatment of Septic Teeth.-Septic teeth conveniently fall under three headings:-(i) Septic tooth with healthy cementum and periodontal membrane; (ii) tooth with infection beyond the apex; (iii) tooth with apical infection and a sinus.
Before considering any sort of treatment, it is of the utmost importance to arrive at a correct diagnosis. This will be furnished by the history, the symptoms, the clinical examination and skiagraphy. Errors are unfortunately frequently made by (1) a want of co-ordination of the various factors; (2) X-ray examination.
I will mention three pitfalls in the reading of radiographs: (a) the fact that certain root-fillings are not seen in the photograph, many sound fillings being thus condemned ; (b) early periapical infection may not show any variation from the normal; (c) the translucent zone seen under a developing tooth.
Having placed the tooth to be treated in one of the three classes mentioned above, we proceed to treatment.
First, consider the septic tooth, with healthy cementum and periodontal membrane. It is essential that the contents of the septic canal be sterilized before removal. Failure to carry out this elementary principle may result in failure, and the tooth is immediately placed in the second group with periapical infection. The antiseptic chosen for sterilization should be a strong germicide, with power of diffusibility and penetration, and it should be unable to injure the healthy tissues round the apex. I suggest the following: (1) di-chloramine-T. dissolved in chlorcozane;
(2) paraform (half a grain in a paste of carbolic and cloves); (3) formalin. The objection to the last mentioned is the fact that it irritates the tissues and rapidly disappears. Having selected a suitable drug, I recommend the following procedure:
Place in position, cover with a cap, and seal in with a temporary cement for sieven days.
At the next visit isolate the tooth, wipe over with tricresol, andl remove the contents of the canal in a pool of tricresol. I make a point of carefully reaming the canals to remove all sodden and necrotic dentine. If there is any doubt as to sterility at the second visit, a further dressing is readily applied, such as 10 per cent. paraform and tricresol, and left for a further seven days. Wheni the canal is sterile it may be filled usinig the same precautions as those previously adopted for a live tooth rendered pulpless. In the case of acute inflammation following upon death of the )ulp, prelimiinary treatment is niecessary before proceeding to sterilize the canal conitents. In many cases there is a collection of pus in the canal under pressure ; this evacuates itself imnmediately an opening is miiade into the pulp chamllber. The opening lmay have to be imiade through a filling. The tooth, wlich is uisually extremiiely tender, may be kept firmly in position for the drilling by means of a small splint made fromii modelling composition. The canal should be kept openi until all the pus has oozed away, a wisp of cotton wool being placed loosely in the opening to prevent food blockilng it up.
The second and third types of septic teeth are the most unsatisfactory of all and it is round them that so much controversy arises.
The following danger signals confront us: (1) The condition is apt to arise in a tooth supposed to be well filled; (2) the septic focus is in direct contact with the blood-stream; (3) the systemic effects, if any, are very gradual; (4) the extent of tissue destruction is only seen by radiography.
Let us consider treatment under two headings: (i) By way of the pulp-canal, and (ii) surgical treatment.
(i) By way of the Pulp-canal.--Before commencing treatment by way of the pulpcanal, one should consider the age of the patient and the question as to whether there is any systemic infection present. The initial sterilization of the canal contents is not of so much importance as in the first group; in other words, as the periapical space is already infected it does not matter very much if a little septic material is forced through the foramen. In the case of septic teeth without a sinus, the follpwing drugs are useful: Di-chloramine-T., formalin, paraform, proflavine in tricresol, and osogen, a new and interesting preparation from the U.S.A. Dressings are repeated as necessary, with careful reaming of the canals. Ionization has also been extensively employed, a solution of zinc chloride being used, and the positive pole being placed in the canal so that chlorine is given off. Many of the teeth in this class may remain comfortable for months or years. But the question is: "Have all the organisms present in the spongy apex and beyond it in the cancellous bone been killed? " We must not lose sight of the fact that in many of these cases the apex is frequently necrotic and it seems theoretically impossible to render this free at the onset from further mischief.
The sinus so often associated with pathological processes may arise in two ways. First, from the bursting of an acute apical abscess, and, secondly, from a chronic abscess. In the latter instance one realizes from the start that there is considerable destruction of periapical tissue, but the fact that the sinus has been established probably reduces the rate of bone destruction that has been hitherto going on.
In the case of an acute abscess with a sinus the contents of the canal should be immediately removed and the canal freely washed with an antiseptic such as 5 per cent. phenol. Concentrated germicides such as pure phenol, tricresol or perhydrol may then be forced through the Section oj Odontology apex under pressure, thus saturating and cauterizing the root-canal anld sinus. It is important, when using these strong drugs to prevent injury to the gum when the solution appears at the sinus orifice. The canal may then be filled at once with an antiseptic cement such as 10 per cent. parafornm and tricresol. With a chronic abscess and sinus the same procedure may be adopted, but the forcing through of strong germicides should be repeated on two or three occasions, finally placing a telmlporary antiseptic dressing in the tooth for some weeks or possibly months. Ionization has also been used in these cases. Theoretically the teeth with sinuses would appear to offer more satisfactory scope for rendering the periapical tissue sterile. Whatever form of treatment is carried ouit by way of the pulp-canial it leaves a feeling of uncertainty on the part of the operator.
(ii) Surgical Treatment.-This may be conveniently considered under three headings, into the details of which I cannot enter owing to lack of time.
(1) Preliminary sterilization and filling of the root-canal as dealt with previously, followed by the removal of the diseased periapical tissue or drainage. Treatment of this nature is applicable to those teeth that show no denudation or necrosis of the root-apex, but present periapical granulomata, suppuration or cystic formation.
(2) Preliminary sterilization and filling of the root-canal as mentioned previously, followed by removal of the necrotic apex and the surrounding diseased tissue. Always provided the patient is healthy and that there are no systemic effects, the following teeth are suitable: upper incisors, canines, and premolars, and possibly the lower incisors with apical rarefied areas involving not more than one quarter of the periodontal membrane and root.
(3) Extraction coupled with curettage of the diseased area. Pathological processes such as granulomata, chronic abscesses, and cyst formations may continue to proliferate after removal of the offending tooth and frequently necessitate further surgical treatment at a later stage. It would, therefore, appear extremely important thoroughly to curette the apical region of the tooth-sockets after extraction.
The following conditions seem to be comprised under this heading:-(a) Teeth with large periapical areas of destruction where rnore than one-quarter of the periodontal membrane and the cementum has been eroded and destroyed. (b) Teeth with the side of the root or roots perforated, and, as a result, lateral infection of the periodontal membrane with surrounding bone destruction. (c) Upper molars and most lower teeth with root roughening, absorption, or larger areas of destruction. (d) Teeth with a sinus opening into the antrum, nasal fossa, or on to the skin.
My personal observations on the operation of apical resection are the following:
(1) The presence of a septic tooth adjacent to the one to be operated upon is dangerous.
(2) The pulp-canal must be rendered sterile and be filled before operating on the apex. (3) Radiographs are essential in order to ascertain first the extent of the disease, and secondly, the length of the root. (4) All other dental treatment should be completed first. (5) The patient should be young, in good health and should pay reasonable attention to oral hygiene. (6) Maxillary teeth are much more suitable than mandibular for apical resection. It is impossible to treat molars in this way.
SUMMARY.
The following points are worthy of attention
(1) Many of our failures are due to faulty technique. In other words, our methods are not sufficiently sterile. This is particularly evident in the process of rendering a live tooth pulpless. If arsenic is used, it should not be left to act for too long a time. Cocaine pressure is contra-indicated afterwards. If cocaine is used by the pressure method from the start, care should be taken not to force infection through the apex. If the tooth to be treated is painful and the pulp suppurating, to hurry in the removal of the canal contents may ensure failure.
The tooth should be allowed to drain and the canal contents afterwards rendered sterile before removal. Mummifying paste is not above suspicion, its use may betray insufficient expenditure of trouble and lack of skill. With healthy periapical tissues great care should be taken to avoid forcing instruments and fillings through the apex. It is of the utmost importance to try to classify dead and septic teeth before deciding on the form that treatment should take. Skiagrams are essential; great care should be taken to obtain good ones, and the various pitfalls in diagnosis carefully noted. Dead teeth with healthy periapical tissues should be rendered sterile before removal of the canal contents. Apical infection, with or without a sinus, should be considered on its merits. Consideration of the following factors is helpful: (1) The age of the patient; (2) the sex;
(3) the question as to whether the tooth has more than one root; (4) the oral hygiene, and (5) the patient's general health.
In the case of a young female with a clean mouth, a healthy body, and a single rooted maxillary tooth, a cure may be achieved.
Satisfactory results appear to be obtained in a number of cases treated by way of the pulp-canal, but apart altogether from extraction, it seems fair to say that the operation of trephining the alveolus and removing the diseased tissues ensures more efficient surgical drainage.
